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Introduction
For animals in which rapid growth is directly linked to survival and fitness we can predict that selection will favor a net energy maximizing foraging strategy. The juvenile coho salmon (Oncorhynchus kisutch) is an example of an animal which should maximize net energy intake (DILL,
1978; DILL et al., 1981). Coho begin defending feeding territories in streams within a week after emerging from the gravel (MASON, 1966).

The coho territory system (MASON, 1966; MASON & CHAPMAN, 1965) is a
relatively loose structure, sometimes shifting between a regular territorial mosaic (KALLEBERG, 1958) and a system of partial territoriality costs of that behavior. In this regard, we can hypothesize that feeding territoriality has evolved because it increases (on average) the fitness of those fish which practice it. More specifically, territoriality increases fitness by maximizing the net energy intake rate of territorial fish relative to non-territorial fish under most environmental conditions. Several studies provide insight into the energetics of juvenile salmonid were on these fish. The nonterritorial fish, mostly found in pools, do not defend any area, but are occasionally aggressive toward other fish. The floaters are not able to defend an area or maintain a station, and they exist in the spaces between the territories (in glides) of other fish.
Throughout the paper, these three types of fish will be compared. Although we refer to territorial 'fish', we do not mean to imply that individual fish adopt one feeding strategy or another permanently. It is quite possible that a given fish shifts between nonterritorial and territorial strategies on a daily or seasonal basis. It is difficult to measure the costs of foraging and defense in a way which still reflects natural field conditions. Swimming metabolic studies are basically confined to the laboratory, but a few investigators (FELDMETH & JENKINS, 1973; FELDMETH, 1983 ) have attempted to link metabolic work with field conditions by measuring the tailbeat frequency associated with stream swimming activity. They argue that energy budget determinations, even those performed in laboratory streams, may not represent normal field conditions. For instance, they assert that fish handling, necessary for most energy budget determinations, is stressful for the fish and thus affects the variable to be measured. To alleviate this problem, tailbeat frequencies of free swimming fish can be measured in the field, and then tailbeat frequency can be related to both swimming Territorial defense activity involves three major behavioral components: chase (an aggressive approach toward an intruder, usually continuing after the intruder flees), charge (a very rapid aggressive approach toward an intruder), and various displays. In addition, fish take feeding forays and engage in 'free swimming' (non-stationary swimming which is not associated with other defined behaviors). A six pen event recorder (Esterline Angus) was used to monitor frequency and duration of the following activities during the sample periods: feeding forays, stationary swimming (the swimming activity necessary to maintain a fixed position in running water), chase, charge, lateral and frontal displays Table 1 . In all, there were over 500 hours of observation, including about 25 hours of quantitative sampling.
Tailbeat frequencies.
During the observation intervals, a portable video camera was used to record the tailbeat frequency of the sample fish and other nearby fish. Whenever possible, the camera was placed directly above the sample fish (by climbing on top of fallen trees or onto bridges). Details of the activity filmed were recorded verbally, and much of the filming was done over a sand substrate to increase contrast.
In the laboratory, video tapes were viewed in slow motion (7 frames/s) and tailbeats were counted per unit time. Both the number of counts and sample times vary depending upon tailbeat visibility on the tapes. In general, slow activities (such as stationary swimming) are easy to count and fast activities are relatively difficult. A total of 1007 measurements from about 60 fish were made from the tapes.
Some of these tapes were also used to obtain more detailed time budget information by recording behaviors onto a 'DataMyte' (Electro General Corp.). Thirty-four 6.3 minute observations were made from the video tapes (3.5 hours of quantitative data). Behaviors like the wigwag display, and parallel swimming (CHAPMAN, 1962) were more easily observed on these tapes than directly in the field. Also, the information on the tapes was used to break down feeding motions into three subcategories: normal feed, slow feed, and charge feed. Charge feedings were simply counted to get a per hour rate; percent total time was recorded for normal feed, and slow feed. Slow feed and charge feed are both readily identifiable, the charge feed being exceptionally rapid and the slow feed consisting mainly of head jerk feeding, i.e. a rapid lateral movement of the head while the fish remains at its feeding spot. The field tailbeat frequencies were converted into swimming speeds using the equation of BAINBRIDGE (1958). This technique was tested and found to be appropriate for juvenile coho (PUCKETT & DILL, in press).
The energy budget.
To convert oxygen consumption rates to calories, we used an oxycalorific coefficient of 4.63 kcal/liter, or 3.24 cal/mg (BRETT & GROVES, 1979). The same regression equation (Y = 2.24 + .12X, where Y is the log of the oxygen consumption rate in mg 02/kg/hr and X is swimming speed in body lengths/s) was used to calculate all the energy budgets (PUCKETT & DILL, in press). The use of this equation does not reflect variation among the fish categories due to water temperature, fish length, or fish weight, but these differences were fairly small ( Table 2) . This method will tend to slightly underestimate the differences between the territorial and floater fish below 1 body length/s (L/s) and to slightly overestimate the differences above 2.5 L/s. The net effect will be to slightly underestimate the total energy expenditure difference between territorial and floater fish. Just the opposite error results between territorial and nonterritorial fish: the net effect will be to overestimate the difference in energy utilization.
Some tailbeat frequency data are missing for the floater and nonterritorial fish. In these cases, an estimate was used. For example, the floater flight tailbeat frequency was used to figure floater chase costs. Also, the territorial fish wigwag cost was used to estimate the same for the floater. The nonterritorial fish's chase tailbeat frequency was used to calculate flight cost as well as chase costs. These assumptions have little impact on the final energy budgets since the time fractions are minimal in all cases. To calculate the display rate, we doubled the standard metabolic rate over the duration of the display multiplied by the number of charges. This calculation was used because exact charge duration was difficult to determine in the field. Since small changes in charge duration make for large changes in metabolic rate, we felt it was better to assume a cost per charge rather than a rate. Feeding costs were divided into three groups, normal feed, slow feed, and charge feed. Charge feed costs were calculated as charges, and metabolic rates during the other feeding motions were calculated from associated tailbeat frequencies. Table 3 outlines the metabolic rates used to calculate the energy budgets for the territorial fish. Similar calculations were made for floater and nonterritorial fish.
Results
Time budget.
The complete activity time budgets, for the three fish categories, are shown in Fig. 1 . The most striking difference in time allocation between the fish groups involves stationary swimming and free swimming. nonterritorial fish (2%) is roughly one-sixth that of territorial or floater fish (13% and 10%, respectively). All differences displayed in Fig. 1 chase tailbeat frequency (territorial-6.9). Normal feed tailbeat frequencies (territorial, floater, nonterritorial) are not significantly different but there is a significant difference between the slow feed frequencies (territorial and floater). Nonterritorial fish tailbeat frequencies are relatively low and uniform.
Tailbeat frequencies were converted to swimming speeds and average values are shown in Fig. 4 for territorial fish. Energy budget. The activity energy budget (Fig. 5) than the floater or territorial fish, but expends fewer calories feeding and in agonistic behavior. The activity budget of the nonterritorial fish (910 cal/kg) is 76% of the territorial fish budget. Agonistic activity is very expensive (Fig. 6 ). For example, total agonistic cost is 12 % of the total territorial activity budget while representing only 5% of the total time budget (Fig. 1) . Total agonistic cost is 14% of the total floater activity energy budget while it is 10% of the time budget. Chase and charge together represent 77 % of the total agonistic activity investment for a territorial fish, while flight represents 64% of the floater's agonistic behavior investment.
Total feeding costs are about the same for the floater and the territorial fish (Fig. 7) . Each charge feed is very expensive and the slightly greater percentage of charge feedings made by the floater is significant in terms of cost. For example, if we compare stationary swimming tailbeat frequencies for the floater and territorial fish (Fig. 3) , we see that the floater swims faster, even though surrounding water velocity is lower ( Table 2 ). The territorial fish has basically found a microhabitat (eddy) which confers upon it a hydrodynamic and energetic advantage (lowered routine swimming costs). Swimming in this eddy accounts for a substantial portion of the time budget (Fig. 1) . Furthermore, since the water velocity surrounding the territorial fish (but outside the microhabitat) is higher than for the floater, prey availability is also higher. Secondly, the floater is at a disadvantage in terms of directing its feeding motions since it has no territory. The territory provides a zone where one fish can feed with reduced interference and therefore feeding motions need not be so rapid. On average, the floater must charge more often to get its food since it must enter nearby territories. Finally, because the floater is-forced to enter nearby territories to get food, it is often chased out and must flee at high speeds. This flight activity is not only costly, but also represents lost feeding time. These three factors represent the basis of the feeding territory advantage. The case with the nonterritorial fish is not as easily understood. We have often observed nonterritorial fish charging (including a leap from the water into the air) after terrestrial insects. These insects, when available, may indeed provide many calories per prey item. However, the nonterritorial fish must, on average, take prey items which contain about 2.5 times more calories than those taken by territorial fish if they are to grow at the same rate. It seems unlikely that nonterritorial fish can obtain that many more calories per prey item than the territorial fish. It is now clear why a fish might choose a floater strategy over a nonterritorial strategy. The total cost per feeding motion indicates that floaters have the capacity to grow faster than nonterritorial fish, even though their total energy costs are substantially higher.
Energy efficiency is not the only important determinant of a fish's fitness. It matters little how energetically efficient an animal is if it gets eaten. There may be risks involved with the increased motion associated with territorial defense and feeding (DILL, 1983). The floater seems especially vulnerable if motion increases risk since it must flee often, move frequently from one stationary swimming spot to another, and generally make more conspicuous feeding motions. However, territorial and floater fish are mainly found in shallow glides-places which both avian and fish predators avoid. Pools, on the other hand, tend to house fish predators and provide sufficient depth for avian predator strikes, thus placing nonterritorial fish at further disadvantage. 
